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(54) PLANAR LIGHT SOURCE 

(57) A surface illuminant comprises a light source 
11 consisting of LEDs, a light guide plate 12 which is 
optically coupled to said light source for guiding the light 
to one side thereof and a reflective film 13 which is dis- 
posed on the other opposite side of said light guide 
plate. The light guide plate 12 is made of a material into 



which a wave length converting material 14 or a light 
storage material 15 such as fluorescent material is in- 
corporated. A desired color light can be obtained by con- 
verting the wave length of the light from the light source 
11 or light can be emitted by storing the light when the 
light source is turned off. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a surface illu- 
minant including light emitting diodes (LEDs) and the 
like which are used as a light source and in particular to 
a surface illuminant which is capable of emitting a de- 
sired color light and is capable of reducing the electric 
power consumption. 

BACKGROUND TECHNOLOGY 

[0002] LED back light sources using a reflection plate 
have been widely used as a surface illuminant for com- 
pact display used for, for example, cellular phones. 
[0003] Fig. 6 is an exploded perspective view showing 
a prior art surface illuminant which is exploded. In the 
drawing, a reference numeral 101 denotes a light source 
comprising, for example, LEDs or CFL (cold fluorescent 
tubes); 1 02 denotes a light guide plate which is adjacent 
to said light source. The light guide plate 102 is formed 
of a white and transparent plate made of polycarbonate 
or acrylic resin, etc. The light guide plate 102 has a flat 
face from which light is emitted and a reverse face on 
which a multiplicity of prism-like grooves in which the 
distance between the grooves becomes narrower as it 
is more distant from the light source are formed as 
shown in the drawing by etching or sand blast process, 
so that the light from the light source will be reflected on 
the faces of the grooves for uniformly emitting light from 
the entire surface of the light guide plate 102. A refer- 
ence 1 03 denotes a white reflective film made of an ap- 
propriate synthetic resin such as polyester (PET), poly- 
carbonate, which is bonded to the edge of the reverse 
side of the light guide plate 1 02 with a both-sided adhe- 
sive tape. The film 103 reflects the light which has been 
transmitted through the faces of the grooves having 
prism-like cross section for guiding the light to the light 
guide plate 1 02 again so that it is emitted externally from 
the surface of the light guide plate 102. 
[0004] In the above-mentioned arrangement, when 
the light source 101 is lit, the light from the light source 
101 is transmitted through the light guide plate 102 and 
is then reflected on the prism-like faces formed on its 
reverse side or alternatively it is transmitted through the 
prism-like face and is reflected on the reflective film 1 03, 
and is incident upon the light guide plate 102, where it 
is mixed with the reflected light for substantially uniform- 
ly illuminating the entire surface of the light guide plate 
102. 

[0005] At this time, the light from the light source is 
emitted as back light having unchanged color since the 
light guide plate is colorless and transparent. 
[0006] It has been known that a problem occurs in 
which a surface illuminant having white and intermedi- 
ate color can not be obtained since LED is not capable 
of emitting white or intermediate color light when LEDs 



are used as light source. 

(1) In order to overcome this problem, JA-P- 
7-176794 proposes a surface illuminant comprising 

5 a fluorescent light scattering layer made of a mix- 
ture of a fluorescent material with white powder for 
scattering fluorescent light .which are applied on ei- 
ther one of the sides of a light guide plate in which 
light emitted from blue light LEDs is subjected to 

10 wave-length conversion by said fluorescent light 
scattering layer and a desired color including white 
color can be provided by changing the fluorescent 
material. 

(2) Alternatively, JP-A-8-7614 proposes a surface 
15 illuminant comprising a scattering layer which is 

formed by applying white powders for scattering flu- 
orescent light on either one of the sides of a light 
guide plate and further comprising a transparent 
film containing a fluorescent material, which is dis- 
20 posed on the main face of the light guide plate op- 
posite to said scattering layer, whereby desired 
colors including white color can be provided. 

[0007] However, it is inconvenient that the fluorescent 
25 scattering layer should be applied (printed) on the light 
guide plate since the fluorescent material is directly ap- 
plied upon the light guide plate in the surface illuminant 
as set forth inparagraph (1 ). Since the color tone may 
change depending upon the mixture ratio between the 
30 fluorescent material and white powder for scattering flu- 
orescent light, a desired color can not be readily ob- 
tained. 

[0008] In the surface illuminant as set forth in para- 
graph (2), it is also necessary to apply the fluorescent 

35 material and to provide a transparent film on which the 
fluorescent material is to be applied on the surface of 
the light guide plate in addition to the reflective plate pro- 
vided on the reverse side of the light guide plate. This 
type of surface illuminant is complicated in structure and 

40 its assembly requires a long time and much labor. 
[0009] Since the light in the light guide plate is termi- 
nated unless the light source is continuously lit in the 
above-mentioned both surface illuminants, it is neces- 
sary to constantly turn on the light source when the sur- 

45 face illuminant is used. This problem is not negligible in 
the portable electronic devices such as cellular phones 
from the view point of power consumption since all the 
power is supplied from a battery cell. 

50 DISCLOSURE OF THE INVENTION 

[0010] It is an object of the present invention to over- 
come the above-mentioned problems that the prior art 
surface illuminants encounter and to provide means 
55 which is capable of emitting white or intermediate color 
with a simple structure in a surface illuminant using LED 
light sources and enables the surface illuminant to con- 
tinuously emit light without causing LEDs to continuous- 
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ly emit light. 

[001 1] The means which accomplishes the object will 
now be described. 

[First Means] 5 

[0012] The first means resides in a surface illuminant 
comprising a light source, a light guide plate which is 
optically coupled to said light source for emitting light 
incident from said light source through one side thereof; 10 
and a reflective film which is disposed on the other side 
of said light in which a wave length converting material 
is applied on said reflective film. 
[0013] Since the surface illuminant of the first means 
includes the wave length converting layer on the reflec- * 5 
tive film of the surface illuminant, the reflective film per 
se may be prior art white color reflective film. Accord- 
ingly, the surface illuminant of white and intermediate 
color can be readily obtained. The surface illuminant of 
desired color can be obtained by merely changing the 20 
reflective film. 

[Second Means] 

[0014] The second means resides in a surface illumi- 25 
nant comprising a light source, alight guide plate which 
is optically coupled to said light source for emitting light 
incident from said light source through one side thereof; 
and a reflective film which is disposed on the other side 
of said light guide in which said reflective film comprises 30 
a light storage material. 

[0015] Since the reflective film of the surface illumi- 
nant includes a light storage film in the surface illuminant 
of the second means, the surface illuminant is capable 
of continuously emitting light even if the light source is 35 
turned off for a predetermined period of time. The power 
consumption of the surface illuminant can be remarka- 
bly reduced. 

[Third Means] 40 

[0016] The third means resides in a surface illuminant 
comprising a light source, a light guide plate which is 
optically coupled to said light source for emitting light 
incident from said light source through one side thereof; 45 
and a reflective film which is disposed on the other side 
of said light guide in which said light guide plate is made 
of a transparent material in which a light storage material 
is blended. 

[0017] Since the light guide plate into which the light 50 
storage material is incorporated is provided in the sur- 
face illuminant of the third means, the surface illuminant 
which is capable of storing light can be readily obtained 
without specially treating the prepared light guide plate. 
Since the surface illuminant is capable of emitting light 55 
even if the light source is turned off, the power consump- 
tion of the surface illuminant ca be remarkably reduced. 



[Fourth Means] 

[0018] The fourth means resides in a surface illumi- 
nant comprising a light source, a light guide plate which 
is optically coupled to said light source for emitting light 
incident from said light source through one side thereof; 
and a reflective film which is disposed on the other side 
of said light guide in which a light storage material is 
formed on the surface of said light guide plate. 
[0019] Since the light storage film is formed on the 
light guide plate in the surface illuminant of the fourth 
means, the concentration of the light storage material, 
that is the amount of stored light can be relatively easily 
adjusted by controlling the amount of the applied light 
storage material. 

[Fifth Means] 

[0020] The fifth means resides in a surface illuminant 
of the fourth means in which the concentration of the 
light storage material in said light storage layer is in- 
creased from its one end adjacent to the light source to 
the other end thereof. 

[0021] The illumination of the surface illuminant can 
be kept substantially uniform over the entire surface 
thereof by compensating for the attenuation of the light 
emitted to the light guide plate from the light source due 
to the fact that the concentration of the light storage ma- 
terial in the light guide plate is increased in accordance 
with the distance from the light source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is an exploded perspective view showing the 
surface illuminant of the first and second embodi- 
ments of the present invention; 
Fig. 2 is a view explaining a condition of driving the 
illuminant in the present invention; 
Fig. 3 is an exploded perspective view showing the 
surface illuminant of the third embodiment of the 
present invention; 

Fig. 4 is an exploded perspective view showing the 
surface illuminant of the fourth embodiment of the 
present invention; 

Fig. 5 is an exploded perspective view showing the 
surface illuminant of the fifth embodiment of the 
present invention; and 

Fig. 6 is an exploded perspective view showing a 
prior art surface illuminant. 

BEST MODES FOR EMBODYING THE INVENTION 

[0023] Embodiment of the surface illuminant of the 
present invention will now be described. 
[0024] Fig. 1 shows first and second embodiments of 
the present invention. 
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(First Embodiment) 

[0025] In Fig. 1, reference numerals 11 , 12 and 13 
denote a light source; a light guide plate made of a color- 
less transparent synthetic resin such as polycarbonate 
or acrylic resin, which is formed on its reverse side with 
prism-like grooves; and a reflective film made of PET or 
polycarbonate, respectively. These structures are sub- 
stantially identical with those of prior art which have 
been described with reference to Fig. 6. 
[0026] In the surface illuminant, the light guide plate 
1 2 is substantially rectangular in shape. The light source 
11 is disposed adjacent to the light guide plate 12 so 
that light is incident upon one end face of the light guide 
plate 12 from, for example blue color LEDs. The reflec- 
tive film 13 is disposed to cover the reverse side of the 
light guide plate 12. A wave length converting layer 14 
is provided on the reflective film 13. 
[0027] The wave length converting layer 1 4 is formed 
by applying a solution of a wave-length converting ma- 
terial such as a fluorescent material which is excited on 
exposure to ultraviolet rays from the light source such 
as YAG for emitting fluorescent light. The solution con- 
tains the wave length material, a resin such as acrylic 
resin and a proper solvent. Accordingly, when, for ex- 
ample, the blue color LEDs are used as the light source 
11 , the ultraviolet rays from the blue color LEDs are sub- 
jected to wave length conversion, so that fluorescent 
light is emitted. 

[0028] Of course, it is possible to use the light guide 
plate 12 which is formed with convexes and concaves 
having different densities and sizes depending upon the 
distance from the light source by embossing in lieu of 
the prism-like grooves on the reverse side thereof. 
[0029] In order to obtain the white color light, a fluo- 
rescent material (which is obtained by mixing equal 
amounts of red and green fluorescent pigments) which 
emits yellow color light on exposure to ultraviolet rays is 
used. 

[0030] In the above-mentioned arrangement, when 
blue color LEDs are lit, part of light incident upon the 
light guide plate is transmitted through the prism-like 
face of the light guide plate and will impinge upon the 
reflective film 13. At this time, the wave length of the 
ultraviolet rays in the transmitted light is converted with 
the fluorescent material in the film so that the ultraviolet 
rays are converted into yellow reflected light. The re- 
flected light is transmitted through the prism-like face 
again and enter the light guide plate, where it is mixed 
with blue color from the LEDs to become white color 
light. 

[0031] A surface illuminant which is capable of emit- 
ting critical and delicate intermediate color light which 
has been heretofore difficult to obtain can be provided 
by appropriately selecting the fluorescent material 14 
and the wave length of the light source 11 . 
[0032] A surface illuminant which has an excellent 
light emission efficiency even if light having the same 



color as that of the light source can be obtained by pro- 
viding the reflective film with a fluorescent material 
which emits light having the same wave length as that 
of the light source 11. The power consumption of the 
5 surface illuminant can be made less. 

(Second Embodiment) 

[0033] The first embodiment in which the reflective 

10 film comprises the fluorescent material has been de- 
scribed. Now, a second embodiment of the surface illu- 
minant of the present invention will be described. The 
surface illuminant comprises a light storage material (a 
material which absorbs the light rays emitted from the 

is light source for emitting light for a predetermined period 
of time after light rays from the light source disappear, 
for example, "N YAKOH" (trade name) manufactured by 
Nemoto Kagaku Co. Ltd.) in lieu of the reflective film. 
[0034] In the second embodiment, the reflective film 

20 made of a synthetic resin includes alight storage mate- 
rial 1 5. The light storage material 1 5 which is in the form 
of a solution including a resin as a binder and an appro- 
priate solvent similarly to the case of said fluorescent 
material is applied on the reflective film or alternatively 

25 the light storage material 1 5 is incorporated in the trans- 
parent (transmissive) reflective film. If the light storage 
material is incorporated in the reflective film, a reflective 
layer having white color is formed on the lower side of 
the reflective film. If the light storage material is applied 

30 on the reflective film, the light storage material to be 
used specifically may include, for example, "CHIKKO 
INK" and "N YAKOH CHIKKO INK" (trade names) man- 
ufactured by Teikoku Ink Co. Ltd. 
[0035] When the light source of, for example, blue 

35 light LEDs is lit in the arrangement of the second em- 
bodiment, part of the light which is incident on the light 
guide plate is transmitted through the prism like face of 
the light guide plate and impinges on the reflective film 
13. At this time, part of the impinged light is stored by 

40 the light storage material 15 of the reflective film. The 
stored light will be emitted for a predetermined period of 
time after turning off the light source since the surface 
illuminant of the present invention is capable of emitting 
light for a predetermined period of time by the sponta- 

45 neously emitted light from the light storage material after 
the turning off of the light source in such a manner, the 
surface illuminant can continuously emit light by repeat- 
ing turning on and off the light source as shown in Fig. 
2. The power consumption can be remarkably reduced 

50 in comparison with the prior art since it is not necessary 
to continuously turn on the light source. The illumination 
of the surface illuminant can be kept uniform over the 
entire of the light emitting surface by increasing the 
amount of the applied light storing material 15 on the 

55 reflected film depending upon the distance from the light 
source to compensate for the attenuation of the light 
emitted into the light guide plate from the light source. 
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(Third Embodiment) 

[0036] Fig. 3 shows a third embodiment of the present 
invention. In Fig. 3, reference numerals 31 , 32 and 33 
denote a light source; a light guide plate made of a color- 5 
less transparent synthetic resin such as polycarbonate 
or acrylic resin, which is formed on its reverse side 
prism-like grooves; and a reflective film made of PET or 
polycarbonate, respectively. 

[0037] The light guide plate 32 is substantially rectan- 10 
gular in shape. The light source 31 is disposed adjacent 
to the light guide plate 32 so that light is incident upon 
one end face of the guide plate 32 from , for example 
blue color LEDs. The reflective film 33 is disposed to 
cover the reverse side of the light guide plate 32. * 5 

[0038] The structure is substantially identical with that 
of theprior art shown in Fig. 6. In the third embodiment 
of the surface illuminant of the present invention, the 
light guide plate 32 is made of a colorless transparent 
synthetic resin such as polycarbonate or acrylic resin, 20 
in which a light storage material 34 is incorporated. 
[0039] It is of course to use the light guide plate 32 
which is formed with convexes and concaves having dif- 
ferent densities and sizes depending upon the distance 
from the light source by embossing in lieu of the prism- 25 
like grooves on the reverse side thereof. 

(fourth Embodiment) 

[0040] Fig. 4 shows a fourth embodiment of the 30 
present invention. In Fig. 4, reference numerals 41, 42 
and 43 denote a light source; a light guide plate made 
of a colorless transparent synthetic resin such as poly- 
carbonate or acrylic resin, which is formed on its reverse 
side prism-like grooves; and a reflective film made of 35 
PET or polycarbonate, respectively. Reference numer- 
als 44 and 45 denote light storage material and a light 
storage layer, respectively. 

[0041] The fourth embodiment is substantially identi- 
cal with the third embodiment in that the light guide plate 40 
42 is made of a colorless transparent synthetic resin 
such as polycarbonate or acrylic resin, which is blended 
with a light storage material although it is different from 
the third embodiment in that the light storage layer 45 is 
formed by applying the light storage material on the face 45 
side and/or reverse side of the light guide plate. 

(Fifth Embodiment) 

[0042] Fig. 5 shows a fifth embodiment of the present 50 
invention. In Fig. 5, reference numerals 51, 52 and 53 
denote a light source; a light guide plate made of a color- 
less transparent synthetic resin such as polycarbonate 
or acrylic resin, which is formed on its reverse side 
prism-like grooves; and a reflective film made of PET or 55 
polycarbonate, respectively. A reference numeral 54 de- 
notes light storage layer. 

[0043] The fifth embodiment shows one example of 



detailed means for increasing the concentration of the 
light storage layer from one end adjacent to the light 
source to the other end so that the concentration of the 
light storage layer 54 of the light guide layer 52 is in- 
creased depending upon the distance from the light 
source 51 . In this case, a plurality of stripes of ink each 
having different concentration of the light storage mate- 
rial which are applied from one end adjacent to the light 
source to the other end when such an arrangement is 
adopted, the illumination of the surface illuminant can 
be kept uniform over the entire light emitting surface by 
the light storage layer compensating for the attenuation 
of the light since the amount of the relative stored light 
in the light guide plate is reversely proportional to the 
distance from the light source even if the light incident 
upon the light guide plate attenuates as it travels far from 
the light source. 

[0044] Although the fourth and fifth embodiments in 
which the light guide plate is blended with the light stor- 
age material have been described, the present invention 
is not limited to those embodiments. The light guide 
plate which is not blended with the light storage material 
may be used. 

[0045] If the light storage material is applied on the 
face of the light guide plate, a solvent of the light storage 
material is prepared by mixing it with a resin binder and 
an appropriate solvent. The solvent is applied on the 
face and reverse sides of the light guide plate. The light 
storage material to be used specifically may include, for 
example, "CHIKKO INK" and "N YAKOH CHIKKO INK" 
(trade names) manufactured by Teikoku Ink Co. Ltd. 
[0046] When the light source 21 ,31, 41, 51 is lit in the 
arrangement in Fig.1, 3, 4, 5, part of the light which is 
incident on the light guide plate is stored in the light stor- 
age material 1 5 of the reflective film, the light storage 
material 34, 44, 54 in the light guide plate and/or the 
light storage layer 45 applied on the face and reverse 
sides of the light storage plate. The stored light is emit- 
ted for a predetermined period of time after turning off 
the light source since the surface illuminant of the 
present invention is capable of emitting light for a pre- 
determinedperiod of time after the turning off of the light 
source. 

[0047] Since the surface illuminant of the present in- 
vention is capable of emitting light for a certain period 
of time by the spontaneously emitted light from the light 
storage material after turning off of the light source, the 
surface illuminant is capable of uniformly and continu- 
ously emitting light by repeating turning on or off of the 
light source as shown in Fig. 2. The power consumption 
can be remarkably reduced in comparison with the prior 
art since it is not necessary to continuously turn on the 
light source. 



Claims 

1. A surface illuminant comprising a light source, a 
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light guide plate which is optically coupled to said 
light source for emitting light incident from said light 
source through on the other side of said light guide, 
wherein a wave length converting material is ap- 
plied on said reflective film. 5 

2. A surface illuminant comprising a light source, a 
light guide plate which is optically coupled to said 
light source for emitting light incident from said light 
source through one side thereof; and a reflective 10 
film which is disposed on the other side of said light 
guide, wherein said reflective film comprises a light 
storage material. 

3. A surface illuminant comprising a light source, a 15 
light guide plate which is optically coupled to said 
light source for emitting light incident from said light 
source through one side thereof; and a reflective 
film which is disposed on the other side of said light 
guide, wherein said light guide plate is made of a 20 
transparent material in which a light storage mate- 
rial is blended. 

4. A surface illuminant comprising a light source, a 
light guide plate which is optically coupled to said 25 
light source for emitting light incident from said light 
source through one side thereof; and a reflective 
film which is disposed on the other side of said light 
guide, wherein a light storage film is formed on the 
surface of said light guide plate. 30 

5. A surface illuminant as set forth in Claim 4, wherein 
the concentration of the light storage material in 
said light storage layer is increased from its one end 
adjacent to the light source to the other end thereof. 35 
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